An investigation of the sponge Suberea mollis collected at the Egyptian Red Sea coast afforded a new cytotoxic and antimicrobial dibrominated phenol, subereaphenol A (1), together with the previously reported compounds 2-(3′,5′-dibromo-2′-hydroxy-4′-methoxyphenyl)acetamide (2), dibromoverongiaquinol (3), bromochloroverongiaquinol (4), and 2-(3′,5′-dibromo-4′-ethoxy-1′-hydroxy-4′-methoxy-2′,5′-cyclohexadien-1-yl)acetamide (5). The structure of the compounds was determined by a combination of 1D and 2D NMR techniques and High-resolution mass spectral determinations. Complete and new NMR data for the known compounds has been reported. The cytotoxic and the antimicrobial activities of the compounds are reported.
As part of our continuing interest in identifying drug leads from Red Sea marine organisms, we have investigated the sponge Suberea mollis. We have isolated a new dibrominated phenol (1), designated subereaphenol A together with four known halogenated compounds (2-5) ( Figure 1 ). The genus Suberea belonging to the Verongida sponges (order Verongida, family Aplysinellidae) is well known for containing dibromotyrosine metabolites, halogenated compounds, polyaromatic alkaloids as well as terpenoids [1] . Biological activities reported for these compounds in the literature are diverse and include antimicrobial, cytotoxic, enzyme inhibitory, and anticancer effects [1] .
The freshly collected sponge was frozen on site and kept frozen until needed. Subereaphenol A (1) was obtained from the ethyl acetate extract, after chromatography on C 18 HPLC.
Compound 1 was isolated as a yellowish amorphous solid. Its UV spectrum showed two absorption maxima at 303 and 218 nm. The FABMS spectrum of 1 showed three ion peaks at m/z 324, 326, and 328 in the ratio of 1:2:1, respectively, indicating the presence of two bromine atoms in the molecule. The positive-HRFABMS data of 1 revealed the molecular formula of C 8 H 8 79 Br 2 NO 3 at m/z 323.8876 [M+H] + , implying five degrees of unsaturation. The 1 H NMR spectrum of 1 showed resonances for seven protons at δ 9.66 (s, HO-2′), 8.96 (s, HO-4′), 7.23 and 6.85 (each s, H 2 N), 6.95 (s, H-6′), and 3.52 (s, H 2 -2). The 13 C NMR spectrum (Table 1) of 1 revealed eight signals including one aromatic methine at δ 117.2 (C-6′), one methylene at δ 36.6 (C-2), and six quaternary carbons at δ 170. 7, 123.9, 150.0, 117.6, 143 data together with the HMQC experiment revealed that compound 1 possesses a pentasubstituted aromatic moiety. The assignment of protonated carbons (C-2 and C-6′) was made possible HMQC experiment. The signals at δ 150.0 and 143.1 indicated the presence of two oxygenated aromatic carbons, while the signal at δ 170.7 indicated the existence of an amide moiety. The positions of all functionalities on the aromatic ring as well as the assignment of all quaternary carbons were unambiguously supported from HMBC experiment (Table 1) . For example, HMBC cross-peaks of H 2 -2/C-2′, HO-2′/C-2′, H-6′/C-2′, and HO-4′/C-4′ supported the placement of the OH moieties at C-2′ and C-4′. In addition, the placement of the bromine atoms at C-3′ and C-5′ was supported from HMBC cross-peaks of HO-2′/C-2′, H-6′/C-5′, and HO-4′/ C-5′. Similarly, the placement of the acetamide moiety at C-1′ was supported from HMBC correlations between H 2 -2 and C-6′, H-6′ and C-2, H 2 -2 and C-2′, H 2 -2 and C-1, as well as between NH 2 and C-1. From the above spectral data, the structure of 1 was assigned as 2-(3′,5′-dibromo-2′,4′dihydroxyphenyl) acetamide.
Extensive studies of the spectral data (UV, 1D and 2D NMR and HRFABMS) of compounds 2-5 led to their identification as 2-(3′,5′-dibromo-2′-hydroxy-4′methoxyphenyl)acetamide (2) [2], dibromoverongiaquinol (3) [1a,3] , bromochloroverongiaquinol (4) [1,3b] , and 2-(3′,5′-dibromo-4′-ethoxy-1′-hydroxy-4′methoxy-2′,5′-cyclohexadien-1-yl)acetamide (5) 
Biological Material:
The marine sponge Suberea mollis was collected from Hurghada at the Egyptian Red Sea coast at depths between 10 and 20 m. The sponge is cylindrical in shape with conulose surface. The conules were low but sharp due to projecting strong fibers, about 8-10 mm apart. The oscules are large, approximately 1.0 cm in diameter, positioned at the summit of the fragment. In life, the sponge is green in color with a yellowish interior. In preserved condition it has turned black. The interior of the sponge is cavernous. The ectosomal region is a distinctly denser mass of collagen and crowded large spherulous cells, whereas deeper in the body the organic parts are only lightly collagenous and they are charged with many small calcareous nodules. The skeleton consists of thick pitched fibers, which run for long distances without branching or anastomosing. 
Extraction and Isolation:
The frozen sponge materials (2.1 kg, wet wt) were extracted three times (3 x 1000 mL) with a mixture of MeOH/CH 2 Cl 2 (1:1) at room temperature. The combined organic extracts were concentrated under reduced pressure and suspended in 500 mL of MeOH/H 2 O (9:1). The resulted mixture was extracted with n-hexane (3 x 400 mL) to give 2.21 g of n-hexanes residue. The remaining methanolic layer was diluted with H 2 O to (3:2) MeOH/H 2 O and then extracted successively with CH 2 Cl 2 (3 x 400 mL), and EtOAc (3 x 400 mL). Each of the extracts was concentrated under reduced pressure to give 2.34 g of CH 2 Cl 2 extract, and 3.87 g of EtOAc extract, respectively. All fractions were evaluated for cytotoxic activity against HeLa cells and P388 and antimicrobial against E. coli and C. albicans. The EtOAc extract showed cytotoxicity with IC 50 = 5.0 μg/mL, while antimicrobial activity was observed for both CH 2 Cl 2 and EtOAc fractions. The EtOAc residue (3.87 g) was subjected to size exclusion chromatography on a Sephadex LH-20 column equilibrated with MeOH to give nine major fractions. Fractions 3 and 4 showed similar TLC and were moderately cytotoxic (IC 50 = 5.0 μg/mL). The residue of fractions 3 and 4 (720 mg) were partitioned on MPLC SiO 2 column using CH 2 Cl 2 /MeOH gradients to give five major fractions. Fraction 3 (70 mg) was purified on a semipreparative C 18 HPLC column using 5% MeCN at a flow rate of 2 mL min -1 to give compounds 1 (5.7 mg) and 2 (5.9 mg). Fraction 5 (43 mg) was subjected to final purification on a semipreparative C 18 HPLC column using 5% MeCN at a flow rate of 2 mL min -1 to afford compound 5 (3.1 mg). The CH 2 Cl 2 residue (2.34 g) was subjected to VLC using CH 2 Cl 2 /MeOH gradients to give six major fractions. Fraction 1 (500 mg) was partitioned on SiO 2 column using EtOAc/acetone gradients to give five major fractions. Fraction 1 (35 mg) was purified on MPLC SiO 2 column using CH 2 Cl 2 /MeOH (97.5:2.5) to give 3 (6.2 mg). Similarly, fraction 3 (20 mg) was purified on MPLC SiO 2 column using CH 2 Cl 2 /MeOH (9:1) to give 4 (2.0 mg). Antimicrobial Activity of 1-5: Antimicrobial activity of the compounds was performed using a standard disc diffusion assay [4b] with replication (n=3). Candida albicans and E. coli were served as a target model for fungi and bacteria. A 100-and 50-μg of each compound was loaded onto a sterile filter paper disc (6 mm in diameter). The paper disc was air-dried and placed onto the nutrient agar plate that had already been inoculated with a lawn of target microorganism (C. albicans and E. coli, separately). After incubation for 24 h at 30°C (for C. albicans) or 37°C (for E. coli), the antimicrobial activity was evaluated by measuring the width of the growth inhibition zones from the edge of each filter paper using a dissecting microscope. The results were shown in Figures 2 and 3 . From all tested compounds, compounds 3 and 4 showed the greatest inhibitory effect against C. albicans and E. coli, while compound 1 showed moderate inhibitory effect. In addition, compounds 2 and 5 were completely inactive. From the results of the antimicrobial activity of compounds 1-5, it could be concluded that; the 1,4-quinol skeleton is essential for maximum antimicrobial activity (compounds 3 and 4).
Absence of the ketone functionality completely blocks the antimicrobial activity (compound 5). Moreover, the dibromo-substitution (compound 3) of the 1,4-quinol skeleton showed higher activity than that of the chlorobromosubstitution (compound 4). The phenolic OH at C-4 of the aromatic skeleton is essential for antimicrobial activity (compound 1), while the methylation of this OH completely blocks the antimicrobial activity (compound 2).
Cytotoxic Activity of 1-5: The cytotoxicity of compounds 1-4 against human cervical carcinoma (HeLa cells) and P388 leukemia cells cells was evaluated as IC 50 values (μg/mL) and was presented in Table 3 . Adriamycin was used as a positive cytotoxicity control. Subereaphenol A (1) showed moderate cytotoxicity against P388, while compound 4 was cytotoxic to HeLa cells with IC 50 value of 5 μg/mL. Other compounds were either inactive or not tested. 
Supplementary data:
Underwater and in-situ photographs of the Red Sea sponge Suberea mollis.
